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Environmental exposures are important for development of allergic contact dermatitis, but genetic factors have
been proposed to be of additional importance for contact sensitization. Recently genetic factors were shown to be
of significance for hand eczema. In this study, a sample of twins recruited on the basis of hand eczema has been
evaluated with respect to inﬂuence of genetic factors on development of nickel sensitization. A total of 1076
individual twins were patch tested and underwent clinical examination, and in the ﬁnal genetic statistical analysis
630 females were available, of which 146 had a positive patch test to nickel. The aggregation of nickel allergy
among twin pairs was measured by the casewise concordance and the twin odds ratio. The twin odds ratio were
adjusted for effects of risk factors known to be associated with nickel allergy, namely, wet work, atopic dermatitis,
and self-reported hand eczema. There was a small tendency for larger odds ratio among monozygotic twins than
among dizygotic twins, which was not statistically significant. As a result of the statistical analysis, it is concluded
that allergic nickel contact dermatitis is mainly caused by environmental and only to a lesser degree genetic
factors. The selection of twins on the basis of hand eczema may theoretically inﬂuence the prevalence of nickel
allergy and concordance estimates, which should be considered before extrapolating the data to a random pop-
ulation-based twin sample.
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Allergic contact dermatitis is a common skin disease be-
lieved to depend upon the interaction between genetic and
environmental factors. The environmental factors have been
defined in recent decades and mainly depend upon the
potency of the hapten, exposure concentration (dose/unit
area), exposure duration, and the effect of damaged skin
(Agner and Menne´, 2001).
Earlier guinea-pig studies have identified genetic factors
as being of additional importance for contact sensitization
(Chase, 1941; Polak et al, 1968). Polak’s studies even sug-
gested that such a genetic propensity for contact sen-
sitization was directed against specific haptens.
Earlier human studies have included studies of genetic
markers (HLA (human leukocyte antigen) types and others),
family, and twin studies (Menne´ and Holm, 1986). Most
studies do not support the hypothesis that genetic factors
are of importance for contact senstization. One experimen-
tal family study (Walker et al, 1967) and one twin study fo-
cusing on nickel allergy (Menne´ and Holm, 1983) suggest
genetic factors being of importance.
A recent population-based twin study showed for the
first time that genetic factors are of importance for devel-
opment of hand eczema (Bryld et al, 2000, 2003). A further
analysis interestingly demonstrated that aggregation of
hand eczema within twin pairs was only to a minor degree
explained by atopic dermatitis (AD) or nickel allergy, and a
hitherto unrecognized genetic risk factor for hand eczema
independent of AD and contact allergy was proposed (Bryld
et al, 2003).
This paper concentrates on possible genetic factors for
nickel allergy evaluated in a female twin sample from this
population-based study.
Results
Among the 630 females, 146 had a positive patch test to
nickel and 484 had not. The distribution in different age
groups is given in Table I. Initially, the probandwise concord-
ance rates and the estimated twin odds ratios were calcu-
lated in groups according to age and zygosity (Table II). The
estimates may point toward a tendency for the probandwise
concordance rate as well as the estimated twin odds ratio
to be decreasing as a function of age/cohorte. Especially in
the youngest age group the estimated measures of aggre-
gation are large, while the confidence limits are wide.
It is not very clear from these estimates, whether or not
there is a tendency for nickel allergy to be more aggregated
among monozygotic (MZ) twins than among dizygotic (DZ)
twins. The estimated concordance rates point toward such
an effect in one age group, and against in the others, and
the estimated twin odds ratios point towards such an effect
in two out of the three age groups.
Abbreviations: AD, atopic dermatitis; DZ, dizygotic; MZ, monozy-
gotic
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To test these tendencies in a more powerful manner that
makes the division of the material into very small groups
unnecessary, the twin log odds ratios were modelled as
a function of age and zygosity in an additive manner, with
age included as a continuous covariate (model 1, Table III).
Since an aggregation in nickel allergy may partly be due to
an aggregation in hand eczema and the fact that hand ec-
zema and nickel allergy is known to be associated, the pa-
rameters describing the twin odds ratio were adjusted for
effects of risk factors known to be associated with nickel
allergy, namely if they had wet work, AD or self-reported
hand eczema (model 2, Table III).
The estimated twin odds ratio among 32-y-old DZ twins
is 2.94 under model 1, and slightly smaller, namely 2.66 when
adjusted for known risk factors for hand eczema. Under both
models the twin odds ratio was found to decrease as a
function of age. Under model 2, a 33-y-old DZ pair must,
e.g., expect an odds ratio of 2.66 times 0.86 equal to 2.29.
Under both models, there is a small, but insignificant, ten-
dency for larger odds ratio among MZ twins than among DZ
twins. In all age groups, the estimated twin odds ratio is 1.20
times larger among MZ twins than among DZ twins (under
model 1). The corresponding figure is 1.28 under model 2.
It is apparent from these figures that the estimates de-
scribing the aggregation pattern of nickel allergy are altered
very little when they are adjusted for the known risk factors/
covariates.
Discussion
In this paper, we present data from the largest twin study
until now, in which patch tests of the twins are included.
From the data it is concluded that allergic nickel contact
dermatitis is mainly caused by environmental and only to a
lesser degree by genetic factors. This is based on the fact
that the statistical analysis demonstrated only a weak, non-
significant increase in twin odds-ratio in MZ twins compared
with DZ twins. Therefore genetic factors play a lesser part in
the development of allergic contact dermatitis and, conse-
quently, environmental factors are mainly responsible.
The method by which the concordance rates and the
twin odds ratios are estimated, however, ensures that the
estimates are without bias, if a twin’s nickel allergy status is
independent of the co-twins proband status, given the co-
twins’ nickel allergy status. A twin with a co-twin with nickel
allergy should therefore have the same chance of nickel
allergy, regardless of whether the co-twin is a proband or
not. As discussed by Hindsberger and Bryld (2003), this
assumption is met, if nickel allergy increases the risk for
being a proband. Being a proband may furthermore be cor-
related within twin pairs, due to genetic or environmental
factors. The assumption may, however, be violated, if, in-
stead, a proband increases the risk of having nickel allergy.
The fact that the co-twin is a proband could then increase
the risk that the twin has hand eczema, and thereby in-
crease the risk of having nickel allergy. Our estimated con-
cordance rates would therefore be biased upward in this
case. It is more difficult to say whether the estimated twin
odds ratio have bias upward or downward, since the risk of
having nickel allergy, given that the co-twin does not have
nickel allergy, must be expected to have bias upwards.
The required assumption in the final analysis, where the
twin odds ratio is adjusted for known risk factors, one of
them being hand eczema, is that a twins nickel allergy sta-
tus should be independent of the co-twins proband status,
given her own risk factors together with her co-twins nickel
allergy status. This assumption is much more robust to the
many ways that nickel allergy and hand eczema may be
associated.
The frequency of nickel allergy in the present study is in
agreement with previous findings (Johansen et al, 2000).
The area of 60 km of the center of Copenhagen includes city
as well as rural districts and this selection does not intro-
duce any bias. Placement of the patch tests by the par-
ticipants themselves has also in previous studies been
successfully used (Nielsen et al, 2002). It is generally
recommended that if only one reading is performed, 72 or
96 h reading should be preferred (Wahlberg, 2002).
The present data gives a weak and statistically insignif-
icant trend of a more frequent concordance of nickel allergy
among the MZ twins compared with the DZ twins. The out-
come is not consistent in all age groups and there is a ten-
dency for both the probandwise concordance rate as well
as the twin odds ratio to decrease as a function of age/
cohort. In a former study focusing on nickel allergy, based
on Danish female twins 20 y ago, we found a significant
genetic trend based on a history of nickel allergy and a
strong, but not significant, trend regarding patch test out-
come (Menne´ and Holm, 1983). An association between AD,
nickel allergy, and hand eczema has been illustrated for-
merly in the present data material (Bryld et al, 2003). We
Table I. Nickel allergy
Age Nickel allergy
Total number
of individuals
20–28 37 (20.3%) 182
28–36 59 (23.8%) 248
36–45 50 (25.0%) 200
Among the 630 females, 146 gave a positive patch test to nickel and
484 did not. The distribution in different age groups is given.
Table II. Estimated measures of aggregation of nickel allergy
Age Zygosity
Probandwise
concordance rates
Estimated twin
odds ratio
20–28 MZ 0.55 (0.24–0.82) 26.4 (2.57–271)
DZ 0.56 (0.31–0.78) 8.75 (1.80–42.6)
28–36 MZ 0.27 (0.12–0.49) 1.56 (0.43–5.71)
DZ 0.47 (0.23–0.72) 3.48 (0.84–14.4)
36–45 MZ 0.31 (0.11–0.63) 3.07 (0.51–18.5)
DZ 0.25 (0.10–0.51) 0.98 (0.24–3.94)
The probandwise concordance rates and the twin odds ratios calcu-
lated in groups according to age and zygosity. 95% CI in (). The pro-
bandwise concordance rates are estimated from the 48, 82, and 70 twins
respectively, who are part of a pair with atleast one proband with nickel
allergy. The twin odds ratios are estimated using data from all twins in the
three age groups.
MZ, monozygotic; DZ, dizygotic.
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have earlier investigated the association between nickel al-
lergy and hand eczema and found that both conditions in-
dependently of each other gives an increased risk for
developing either nickel allergy or hand eczema (Menne´ and
Borgan, 1982). As hereditary factors are important for hand
eczema (Bryld et al, 2000) it is important specifically to take
this factor into account in the calculations. The main con-
clusion from the present study is that environmental and not
genetic factors are of major importance for development of
nickel allergy. In this context, it is of interest that Denmark as
the first country in 1991, introduced an exposure regulation
for nickel related to items that are in direct and prolonged
skin contact (Menne´ and Rasmussen, 1990). Follow-up in-
vestigations on this intervention uniformly illustrate a signif-
icant decrease in nickel allergy among the youngest age
groups (Johansen et al, 2000; Jensen et al, 2002). As a
possible consequence of nickel exposure regulation, it is
of interest that the association between nickel allergy and
hand eczema can no longer be illustrated in a population-
based study (Nielsen et al, 2002). The prompt change in the
incidence of nickel allergy among the youngest age groups
combined with the decoupling of nickel allergy from the
clinical disease support the main finding that concerning
nickel allergy and allergic nickel contact dermatitis, envi-
ronmental factors are pivotal.
Recent basic immunological research illustrates a great
complexity of nickel binding to the major histocompatibility
complex (MHC) receptor and thereby giving rise to several
nickel-sensitive clones in the individual patient (Vollmer
et al, 2000; Lu et al, 2003). As genetic markers, particular-
ly HLA-DR subtypes, are further classified, subdivision of
nickel-sensitive individuals and their prognosis might be
possible in the future. Nickel has traditionally been used as
a marker of contact allergy in genetic studies, because it is
the most frequent contact allergen encounted in the general
population and among patients with contact dermatitis;
however, because of nickel’s ability to bind to many protein
sequences in the MHC receptor (Vollmer et al, 2000; Lu
et al, 2003) it might not be the optimal marker to use in the
studies of hereditary factors and contact allergy.
Organic haptens in contrast to metallic haptens might
have a higher degree of specificity in binding to the MHC
receptor. A recent study in mice using dicyclohexylcarbodii-
mide as hapten demonstrated that skin sensitization to a
potent hapten depends on the individual haplotype, with
certain types illustrating specific unresponsiveness as a
new example of MHC restriction in the skin sensitization
(Kato et al, 2002). The most convincing human study, illus-
trating genetic factors in contact allergy, similarly used or-
ganic haptens (Walker et al, 1967). Future studies of genetic
factors in contact allergy may take advantage of recent de-
velopment in molecular biology. It is also important to be
aware that genetic factors might be hapten specific. Based
on present knowledge and data presented here, it is con-
cluded that nickel allergy and allergic nickel dermatitis is
mainly caused by environmental factors.
Materials and Methods
The material and methods have been described in details earlier
(Bryld et al, 2000, 2003). The basic material included 6666 twin
individuals aged 20–44 y drawn from the Danish Twin Register
(Kyvik et al, 1995). Inclusion was restricted to same-sex DZ and MZ
pairs residing on the island of Sealand or its neighboring islands.
The zygosity diagnosis has been based on the similarity method.
This method is based on four questions; one on similarity in the
childhood and youth, two on mistaken identity, and one on hair and
eye color (Christiansen et al, 2003). This is known to give a mis-
classification rate of 2%–4%, which is of negligible importance in a
material of the present size (Magnus et al, 1983). The total material
was investigated by a mailed questionnaire concerning hand ec-
zema (Bryld et al, 2000).
A subsample of the 6666 twin individuals was invited for patch
testing and clinical examination. From the questionnaire an index
twin likely to have hand eczema was offered a clinical examination
if both twins had returned the questionnaire and lived within 60 km
of the center of Copenhagen. An index twin was defined as a
person who had answered positively to one or more of the ques-
tions concerning hand eczema (Bryld et al, 2000). If the clinical
examination confirmed certain hand eczema-specific symptoms,
the index twin was defined to be a proband and the co-twin would
then also be invited to the clinical follow-up (Bryld et al, 2003). The
clinical examination consisted of a detailed history taking regarding
symptoms and signs of hand eczema, the latter demonstrated by
clinical photos. Additionally, history of metal rash, exposure history
(wet work), and history of other illnesses especially AD was ob-
tained. Finally, current signs of hand eczema were looked for, and
patch tests were read.
In all, 1327 were invited for examination, and 1076 (81%) vol-
unteered to participate. We observed no systematic deviation be-
tween participants and non-participants with respect to age, sex,
or questionnaire reports. If one member of a pair did not participate
the pair was excluded from the statistical analysis.
A total of 1076 individual twins (and few individual triplets) were
patch tested in 1997–1998. The cohort included 697 females and
379 males. The European Standard Series (True-Test Alk-Abello)
was mailed to the participants prior to the examination. The par-
ticipants placed the test on their backs 3 d before the examination
Table III. Modelling of the twin odds ratio
Estimate 95% CI
Model 1
DZ twin odds ratio at age 32 2.94 1.27–6.83
Twin odds ratio at age kþ1/twin odds
ratio at age k
0.88 0.80–0.96
Twin odds ratio among MZ twins/twin
odds ratio among DZ twins
1.20 0.34–4.31
Model 2
DZ twin odds ratio at age 32 2.66 1.08–6.57
Twin odds ratio at age kþ1/twin odds
ratio at age k
0.86 0.77–0.95
Twin odds ratio among MZ twins/twin
odds ratio among DZ twins
1.28 0.33–5.00
Model 1, adjusted for age and zygosity; model 2, adjusted for age,
zygosity, hand eczema, wet work, and atopic dermatitis.
The twin odds ratio was modelled using conditional logistic regression
of a twins nickel allergy status, conditioned on the co-twins nickel allergy
status based on all 315 pairs. 104 pairs with two probands were included
twice.
Under model 1: the likelihood that a twin has nickel allergy was fur-
thermore allowed to depend on effects of her age and zygosity.
Under model 2: the likelihood that a twin has nickel allergy was allowed
to depend on the same covariates as under model 1 together with effects
of her possible hand eczema, wet work, and atopic dermatitis.
MZ, monozygotic; DZ, dizygotic.
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and removed it after 2 d (marking the location with a pen). The
reading was performed after 1 further day (day 3), and all readings
were performed by the same examiner. The reading was performed
according to the ICDRG (International Contact Dermatitis Research
Group) criteria for redness, infiltration and vesiculation (Fregert,
1981). Only þ to þ þ þ reactions were considered a positive
reaction. The minimal criteria for þ were homogenous redness
and infiltration in the whole patch test area. Follicular and occa-
sionally pustular reactions were observed and were recorded as
irritant reactions. In case of test problems, a new patch kit was
mailed and the appointment was re-scheduled. In a very few in-
stances the ink spots (marking where the patches had been) had
disappeared, but in none of these cases there were any allergic
reactions.
In the final genetic statistical analysis, 630 females were avail-
able. Thirty-seven were not included because the clinical exam-
ination of the co-twin was not possible. Twenty-four individuals (12
pairs) were excluded because of uncertain zygocity. Two were not
included because they were parts of triplets and finally four indi-
viduals (two pairs) where the proband criteria were not fulfilled
were not included. Too few males had nickel allergy in order to
estimate twin odds ratios and probandwise concordance rates,
and males were therefore not included. The study was approved
from the Scientific Ethical Committee, County of Funen, and sub-
sequently from the Danish Central Scientific Ethical Committee. An
informed consent form was not required as part of the approval,
and was not used.
Definitions
Hand eczema In this study, hand eczema is defined as self-re-
ported hand eczema. Self-reported hand eczema was a ‘‘yes’’ to
any of the questions: ‘‘Have you ever had eczema on your
hands?’’, ‘‘Do you have eczema on your hands now?’’, or ‘‘Has a
doctor ever told you that you had hand eczema?’’. Proband-de-
fining (clinical) hand eczema was the presence or history of either:
vesicles, papules or exudation or two of the following: scaling,
fissuring, redness, swelling, or rough and thickened skin, as orig-
inally described by Rycroft and Coenraads (Rycroft, 1981; Co-
enraads et al, 1983). Clinical hand eczema was not used in the
statistical analysis.
Proband A proband is a twin individual who had answered affirm-
atively on at least one of the questions in the mailed questionnaire
and who fulfilled a set of clinical criteria for having hand eczema.
These criteria were used for inclusion only (a more specific criterion
for hand eczema was used in the result analysis). An asymptomatic
twin was invited to participate in the clinical examination only if the
co-twin fulfilled the proband criteria.
AD The diagnosis of AD was based on the UK working party cri-
teria, rooted in clinical picture, itching, and age of onset (Williams
et al, 1994).
Wet work During the personal interview open questions were
asked concerning lifelong occupational career based on the inter-
national job coding. Decision concerning wet work was based on
the individual job description taking into account the later-intro-
duced definition of at least 2 h daily water exposure (Diepgen and
Coenraads, 1999).
Statistical methods The aggregation of nickel allergy among twin
pairs was measured by the casewise concordance and the twin
odds ratio. The casewise concordance is the probability that a twin
has nickel allergy given that the co-twin has nickel allergy. Because
the casewise concordance depends on the prevalence of nickel
allergy, larger casewise concordance among MZ twins than among
DZ twins may either be due to genetic factors or a difference in
prevalence. The twin odds ratio is defined as the ratio between the
odds for having nickel allergy given that the co-twin has nickel
allergy and the odds for having nickel allergy given that the co-twin
does not have nickel allergy. In our analysis, we focus on this latter
measure of aggregation, since it may vary independently of the
prevalence.
A twin odds ratio equal to one means that nickel allergy is not
aggregated among twin pairs. A large twin odds ratio may on
the other hand be interpreted as an effect of genes or com-
mon environmental factors, whereas larger twin odds ratio among
MZ twins than among DZ twins is interpreted as an effect of
genes.
Betensky et al (2001) describe how the twin odds ratio may be
estimated in a simple manner by use of logistic regression of each
twins nickel allergy status, conditioned on the co-twin’s nickel al-
lergy status. This method is based on a random sample of twins,
and each pair is included twice in the analysis. A robust variance
estimator, taking into account that observations corresponding to
pairs included twice are correlated, was also suggested.
In the present study, the sample cannot be considered random,
since pairs should be ascertained that at least one of them is a
proband. Instead we use the method described by Hindsberger
and Bryld (2003). The method may be seen as a generalization of
the one suggested by Betensky et al, but only pairs with two pro-
bands are included twice in the analysis. In pairs with one proband,
the analysis is based on the conditional distribution of the ‘‘non-
probands’’ nickel allergy status, given the probands nickel allergy
status. This method of analysis is in complete agreement with the
way in which the casewise concordance rate is usually estimated,
when data are ascertained through probands, namely, by the so-
called probandwise concordance.
Hindsberger and Bryld show that in order to obtain consistent
estimates of the casewise concordance and the twin odds ratio,
respectively, a twin’s nickel allergy status should be independent
of the co-twin’s proband status, given the co-twins nickel allergy
status.
As the second step in the analysis, the twin log odds ratio was
modelled as a function of zygosity and age in an additive, linear
manner. Age was included as a continuous variable. Finally, under
this model, the prevalence of nickel allergy was allowed to
depend on the covariates ‘‘wet work’’, self-reported hand eczema
and AD, in order to see in which degree the aggregation pattern
was, due to unaccounted effects of these known risk factors. In
order for these final estimates to be without bias, a twin’s nickel
allergy status should be independent of the co-twin’s proband
status, given her own risk factors together with her co-twin’s nickel
allergy status.
DOI: 10.1111/j.0022-202X.2004.23452.x
Manuscript received November 9, 2003; revised April 26, 2004;
accepted for publication May 27, 2004
Address correspondence to: Tove Agner, Department of Dermatology,
Amtssygehuset i Gentofte, Niels Andersensvej 65, DK 2900 Hellerup,
Denmark. Email: TOAG@gentoftehosp.wbhamt.dk
References
Agner T, Menne´ T: Individual predisposition to irritant and allergic contact der-
matitis. In: Rycroft RJG, Menne´ T, Frosch PJ, Lepoittevin J-P (eds). Text-
book of Contact Dermatitis, 3rd edn. Berlin: Springer-Verlag, 2001;
p 173–187
Betensky RA, Hudson JI, Jones CA, et al: A computationally simple test of ho-
mogeneity of odds ratios for twin data. Genet Epidemiol 20:228–238, 2001
Bryld LE, Agner T, Kyvik OK, Brøndssted L, Hindsberger C, Menne´ T: Hand ec-
zema in twins: A questionnaire investigation. Br J Dermatol 142:1–9, 2000
Bryld LE, Hindsberger C, Kyvik KO, Agner T, Menne´ T: Risk factors influencing
the development of hand eczema in a population based twin sample. Br
J Dermatol 149:1214–1220, 2003
Chase M: Inheritance in guinea pigs of the susceptibility to skin sensitization with
simple chemical compounds. J Exp Med 73:711–726, 1941
1028 BRYLD ET AL THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
Christiansen L, Frederiksen H, Schousboe K, Skytthe A, Wormb-Schwark N,
Christensen K, Kyvik KO: Age- and sex-differences in the validity of
questionnaire-based zygosity in twins. Twin Res 6:275–278, 2003
Coenraads PJ, Nater JP, van der Lende R: Prevalence of eczema and other
dermatoses of the hands and arms in the Netherlands. Association with
age and occupation. Clin Exp Dermatol 8:495–503, 1983
Diepgen TL, Coenraads PJ: The epidemiology of occupational contact derma-
titis. Int Arch Occup Environ Health 72:496–506, 1999
Fregert S: Manual of Contact Dermatitis, 2nd edn. Copenhagen: Munksgaard, 1981
Hindsberger C, Bryld LE: Analysis of twins ascertained through probands—The
double entry approach. Genet Epidemiol 25:225–235, 2003
Jensen CS, Lisby S, Baadsgaard O, Vølund Aa, Menne´ T: Decrease in nickel sen-
sitization in a Danish schoolgirl population with ears pierced after imple-
mentation of a nickel-exposure regulation. Br J Dermatol 146:636–642,
2002
Johansen JD, Menne´ T, Christophersen FJ, Kaaber K, Veien N: Changes in the
pattern of sensitization to common contact allergens in Denmark be-
tween 1985–86 and 1997–98, with a special view to the effect of pre-
ventive strategies. Br J Dermatol 142:490–495, 2000
Kato H, Hayashi M, Fukumori Y, Kaneko H: MHC restriction in contact hypersen-
sitivity to dicyclohexylcarbodiimide. Food Chem Toxicol 40:1713–1718,
2002
Kyvik KO, Green A, Beck Nielsen H: The new Danish Twin Register: Establish-
ment and analysis of twinning rates. Int J Epidemiol 24:589–596, 1995
Lu L, Vollmer J, Moulon C, Weltzien HU, Marrack P, Kappler J: Components of the
ligand for a Niþ þ reactive human T cell clone. J Exp Med 197:567–574,
2003
Magnus P, Berg K, Nance WE: Predicting zygosity in Norwegian twin pairs born
1915–1960. Clin Genet 24:103–112, 1983
Menne´ T, Borgan O, Green A: Nickel allergy and hand dermatitis in a stratified
sample of the Danish female population. Acta Dermato-Venereol 62:35–41,
1982
Menne´ T, Holm NV: Nickel allergy in a female twin population. Int J Dermatol
2:22–28, 1983
Menne´ T, Holm NV: Genetic susceptibility in human allergic contact sensitization.
Semin Dermatol 5:301–306, 1986
Menne´ T, Rasmussen K: Regulation of nickel exposure in Denmark. Contact
Dermatitis 23:57–59, 1990
Nielsen NH, Linneberg A, Menne´ T, Madsen F, Frølund L, Dirksen A, Jørgensen T:
The association between contact allergy and hand eczema in 2 cross-
sectional surveys 8 years apart. Contact Dermatitis 46:71–77, 2002
Polak L, Barnes JM, Turk JL: The genetic control of contact sensitization to in-
organic metal compounds in guinea pigs. Immunology 14:707–711, 1968
Rycroft RJG: Soluble oil as a major cause of occupational dermatitis. Thesis/
Dissertation, University of Cambridge, UK, 82.1981
Vollmer J, Weltzien HU, Gamerdinger K, Lang S, Choleva Y, Moulon C: Antigen
contacts by Ni-reactive TCR: Typical ab chain cooperation versus a
chain-dominated specificity. Int Immunol 12:1723–1731, 2000
Wahlberg J: Patch testing. In: Rycroft R, Menne T, Frosch PJ, Lepoittevin JL
(eds). Textbook of Contact Dermatitis, 3rd edn. Berlin: Springer-Verlag,
2001; p 435–468
Walker FB, Smith PD, Maibach HI: Genetic factors in human allergic contact
dermatitis. Int Arch Allergy 32:453–462, 1967
Williams HC, Burney PG, Hay JR, et al: The U.K. Working Party’s Diagnostic
Criteria for Atopic Dermatitis: (I) Derivation of a minimum set of discrim-
inators for atopic dermatitis. (II) Observer variation of clinical diagnosis
and signs of atopic dermatitis. (III) Independent hospital validation. Br J
Dermatol 131:383–416, 1994
GENETIC FACTORS AND NICKEL ALLERGY 1029123 : 6 DECEMBER 2004
